BLAD is an Autosomal genetic disorder mainly in Holstein Friesian (HF) and HF crossbreds are major concern worldwide as heterozygous (carrier) looks normal and therefore, used for breeding programmes. During the last one and half years, blood samples were collected in the heparinized blood collecting tubes from 570 dairy bulls including 11 HF and 81 HF crossbred bulls for investigation of heterozygous/carrier animals for various genetic disorders, including Bovine Leukocyte Adhesion Deficiency Syndrome. The DNA extraction, PCR and RFLP were performed to find out carrier animals. PCR-RFLP technique exhibited a polymorphism in CD18 gene in two Holstein crossbred bulls, which were confirmed by sequencing. The percentage of recessive allele in Holstein and Holstein crossbred samples was calculated to be 2.17. Rest all animals were found normal.
INTRODUCTION
Genetic disorders, especially autosomal recessive, are major concern worldwide as the carriers or heterozygous in cattle population look normal and therefore, often used for breeding through artificial insemination (AI) based on their genetic merits. Holstein Friesian (HF), a breed that dominates the global dairy industry, is high yielding animals in the world therefore being used for crossbreeding programmes in India. Extensive use of HF bulls and unaware of their breed specific genetic disorders in the past, autosomal recessive genetic disorders have been widely spread in HF and HF crossbred cattle in India. Many HF and HF crossbreds especially bulls have been identified as heterozygous or carriers for Bovine Leukocyte Adhesion Deficiency (BLAD) syndrome owing to an extensive and regular screening of bulls for genetic disorders at the research institutions, universities and diagnostic laboratories all over India. It is an autosomal recessive genetic disease [1] that affects especially Holstein Friesian breed. The defect was first identified in North American HF and was exported to other countries and therefore, the heterozygous and homozygous for BLAD have been identified worldwide [2] . Animal with BLAD is characterized by recurrent pneumonia, ulcerative and granulomatous stomatitis, enteritis with bacterial . * Corresponding Author E-mail: rk_patel@sandor.co.in overgrowth, periodontitis, loss of teeth, delayed wound healing, persistent neutrophilia and death at an early age [3] . BLAD is a disease characterized by a reduced expression of the adhesion molecules on neutrophils, called β-integrins (a complex of the CD11/CD18 family of proteins that are structurally and functionally related to glycoproteins). The molecular basis of BLAD is a single point, which replaces adenine to guanine at 383 position of the CD18 gene that changes the amino acid, aspartic acid to glycine at amino acid 128 position in the functional protein. The mutation ultimately leads to wrong protein (CD18) that is impaired in function [1] .
The gene is located on chromosome number 1 (BTA1). In India, where HF bulls are extensively used for pure and crossbreeding programmes, it is obvious to detect BLAD carriers in HF and HF crossbreds. BLAD carriers were first detected in India by Muralidharan et al. [4] , in two young HF bulls which were born through artificial insemination with the imported semen.
After that the routine screening of BLAD in selected HF and HF crossbreds became mandatory. Later, BLAD carriers were regularly detected [5, 6, 7, 8, 9, 10] . The regular occurrence of BLAD carriers in Holstein and Holstein crossbreds emphasize to continue the genetic testing for BLAD. Present article describes two more cases of BLAD heterozygous in Holstein crossbred bulls which were detected in routine screening during the last one and half years. The DNA was extracted by the standard phenolchloroform method. The quality and quantity of DNA were determined using agarose gel electrophoresis and UV Spectrophotometry. As described by Kriegesmann et al. [11] , 343 bp DNA fragment was amplified by Polymerase chain reaction (PCR), which was set by adding forward primer (5'-CCTGCATCATATCCACCAG-3') and reverse primer (5'GTTTCAGGGGAAGATGGAG -3'). The PCR mix contained 1X PCR buffer, 1.5 mM MgCl 2 , 10 mM dNTPs, 5 pM each of forward and reverse primer, 5 Unit Taq DNA Polymerase, 50ng genomic DNA and distilled water to make a final volume of 18l. The PCR reaction included the following steps: predenaturation for 3 minutes at o C for utilization of extra dNTPs in mixture. The amplified PCR product was digested by using TaqI at 65C for overnight. The digested product was visualized on 3 % agarose gel. In order to confirm the polymorphism, the PCR product was sequenced along with the DNA of normal Holstein as a control. As described [12] , a simple method to treat PCR products prior to sequencing using ExoSAP-IT was performed. After purification step of PCR product, it was sequenced by Applied Bio systems 3130XL Automated Sequencer using the ABI Big Dye Ver 3.1. Sequence analysis comparison was performed using the Codon Code Aligner 4.0.4 Software.
MATERIALS AND METHODS

RESULS AND DISCUSSION
In our investigation, out of 570 bulls, two HF crossbred bulls were found to be heterozygous of BLAD (carriers) however; all other bulls were found normal as shown in figure-1 and 2 for sample No. 1 and 2 respectively. The percentage of the recessive allele in Holstein and Holstein crossbred bulls was calculated to be 2.17. The size of the PCR product was 343bp and it was subjected to RFLP analysis using a Taq-1 restriction enzyme. In normal bulls, the PCR products yielded two fragments of 191bp and 152bp, whereas in carrier (heterozygous) three fragments of 343bp, 191bp and 152bp. PCR-RFLP technique was supported by sequencing to identify mutations in CD18 gene of both the samples (fig-3) .
The arrows in the electropherogram (fig-3) are showing the mutation (G>A) at c.559 position in both the samples that is from G to A in one of the genes (heterozygous). Though the occurrence of BLAD carrier is quite rare, but cases of BLAD have been regularly detected in India.
The percentage of BLAD carriers were earlier estimated ranging 1.0 to 4.76 [4, 5, 6, 8, 9, 10] during regular screening of the breeding bulls. As reported earlier [5] , no cattle and buffalo breeds were found heterozygous for BLAD other than HF crossbreds in a present investigation. However, Factor XI deficiency, one of the autosomal genetic disorders was first time reported in zebu cattle, Sahiwal breed [13] indicating the possible occurrence of the genetic disorders in the Zebu cattle. The bulls found carrier/heterozygous for BLAD in the present investigation, were advised to be culled from bull rearing centre to avoid further propagation of the defective gene.
